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Introduction
3GPP has studied the ambient IoT (A-IoT) in Rel. 18 in RAN and decided to continue the study in RAN-WGs in Rel. 19 [1, 2]. A-IoT is a new type of device, with low complexity and low-power consumption, to be deployed in 5G NR. In this contribution, we present the physical channel designs and essential signals for enabling A-IoT in 5G networks.
A-IoT Characteristics
The A-IoT devices have only limited energy capacity and may obtain the required energy from the environment (e.g., light, pressure, vibration) or external carrier wave signal. The current study item considers two network topologies for the deployment of A-IoT devices. In Topology 1, an A-IoT device communicates bidirectionally with a base station, while in Topology 2, the A-IoT device communicates bidirectionally with an intermediate node, such as a UE, that is connected to a base station. For both topologies, there will be no support of RRC states and mobility. The considered traffic types include device terminated (DT) and device originated - device terminated triggered (DO-DTT). Device-originated autonomous (DO-A) is under the discussion. The spectrum deployment could be in-band, in guard-band and standalone band.
Discussions
In this section, we present our views on the physical channels and relevant signaling designs.
R2D control information content and corresponding physical channel 
The reader may need to deliver different control information to the A-IoT devices. The possible control information includes system information, synchronization, configuration of contention-based channel access, the indication of R2D data transmissions, triggering signal for D2R transmissions, and the D2R channel time boundaries. The control information may target a single or group of devices. In addition, the control signal can be carried alone or along with the data information. To improve communication efficiency, different control information could be carried with a single transmission. This requires having the possibility of sending control information with variable sizes.
Proposal 1: The control information for R2D should be carried alone or along with the data. The control information includes system information, synchronization, configuration of contention-based channel access, the indication of R2D data transmissions, and D2R channel time boundaries. 
Proposal 2: The variable control information size should be supported.
Regarding the use of CRC for control and data transmissions, three different approaches could be considered. The CRC could be generated separately or jointly for the control and data information. Alternatively, the control information could be sent without CRC. Each of these approaches has its own pros and cons. For instance, the joint CRC could reduce the overhead, while the message size should be indicated separately, e.g., using a dedicated postamble. The separate CRCs could simplify the implementation with the cost of extra overhead. The CRC might be kept if the control information coding is robust. In our view, the content of control information and its size range should be determined first in order to decide on the proper CRC design. Hence, the CRC design should be discussed after the content of control information is determined.
Proposal 3: The CRC design of R2D should be discussed after the content of control information is determined.
The use of midamble was discussed for the purpose of synchronization. However, this requires dedicating a unique codeword for the midamble to be distinguished from the message. This could complicate encoding and decoding the message. In addition, the device could keep synchronization if the line coding, such as Manchester or PIE, is utilized.
Proposal 4: The midamble should not be considered for the R2D transmissions.

D2R control information content and corresponding physical
The A-IoT device also needs to deliver different types of control information to the reader. Some of the possible control information includes the contention-based request for channel access, request for data transmission (possibly with the indication of the data size), device type report, and power status report. Such control information could be carried alone or along with the data information. In this regard, a single transmission may contain only control information, only data information, and a combination of control and data information. For a combined control and data transmissions, a joint CRC could be considered in order to reduce the overhead compared with separate CRCs. This however might require using a postamble to indicate the end of the message. In case separate CRCs are utilized of control and data information, the message size could be derived from the control information, so there is no need to utilize the postamble. Similar to R2D, the CRC design should be discussed after the content of control information is determined.
Proposal 5: The control information for D2R should be carried alone or along with the data information. The control information includes contention-based request for channel access, request for data transmission (possibly with the indication of the data size), device type report, and power status report.
Proposal 6: The CRC design of D2R should be discussed after the content of control information is determined.
Proximity determination
Due to the low-complexity design of A-IoT devices, only simple proximity determination mechanisms could be considered. A simple proximity determination mechanism could be based on the A-IoT device response. For this purpose, the reader can transmit a triggering signal for the proximity determination while the A-IoT devices need to respond to it. The procedure is similar or equivalent to contention-based or contention-free access. The judgement for the proximity at the reader could be based on the received power of the responses or the detection of responses. The implementation of signal detection or signal strength detection at the reader ensures less complex design for the A-IoT device. The accuracy of signal detection or the signal strength estimation degrades in low SINR regions as the D2R signal is a backscattered transmission. Further studies are required for the implementation of signal detection or signal strength estimation at the reader or A-IoT device.
Proposal 7: A simple preamble signal detection reusing contention-based or contention-free access should be considered for proximity determination. The implementation of signal detection or signal strength estimation should be further studied.

Conclusions
In this contribution, we provided our views on physical channels and relevant signals for A-IoT. We made following proposals:
Proposal 1: The control information for R2D should be carried alone or along with the data. The control information includes system information, synchronization, configuration of contention-based channel access, the indication of R2D data transmissions, and D2R channel time boundaries. 
Proposal 2: The variable control information size should be supported.
Proposal 3: The CRC design of R2D should be discussed after the content of control information is determined.
Proposal 4: The midamble should not be considered for the R2D transmissions.
Proposal 5: The control information for D2R should be carried alone or along with the data information. The control information includes contention-based request for channel access, request for data transmission (possibly with the indication of the data size), device type report, and power status report.
Proposal 6: The CRC design of D2R should be discussed after the content of control information is determined.
Proposal 7: A simple preamble signal detection reusing contention-based or contention-free access should be considered for proximity determination. The implementation of signal detection or signal strength estimation should be further studied.
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